Nanostructured block copolymer membranes were manufactured by water induced phase inversion, using ionic liquids (ILs) as cosolvents. The effect of ionic liquids on the morphology was investigated, by using polystyrene-b-poly(4-vinyl pyridine) (PS-b-PV4P) diblock as membrane copolymer matrix and imidazolium and pyridinium based ILs. The effect of IL concentration and chemical composition was evident with particular interaction with P4VP blocks. The order of block copolymer/ILs solutions previous to the membrane casting was confirmed by cryo scanning electron microscopy and the morphologies of the manufactured nanostructured membranes were characterized by transmission and scanning electron microscopy. Non-protic ionic liquids facilitate the formation of hexagonal nanoporous block copolymer structure, while protic ILs led to a lamella-structured membrane. The rheology of the IL/block copolymer solutions was investigated, evaluating the storage and loss moduli. Most membranes prepared with ionic liquid had higher water flux than pure block copolymer membranes without additives.
In membrane technology ionic liquids have been considered before for other reasons.
First there is a need for substituting well-established solvents for membrane manufacture to turn the manufacture process more environmentally friendly [21, 22] .
Xing et al. [23, 24] were the first to report the fabrication of cellulose acetate membranes using ionic liquids as casting solvents. A second reason to integrate ionic liquids in membrane systems is their strong interaction with CO 2 , which leads to high gas selectivity. In this case the ionic liquid has been supported in porous membranes [25] or polymerized to constitute a gas separation membrane [26, 27] . Ionic liquids have been also reported to facilitated bioconversion processes in combination with membrane separation technology like pervaporation [28] .
In this work we use ionic liquids for the first time to tune the pore morphology of nanostructured block copolymer membranes, produced by self-assembly and water induced phase separation. The general idea of combining block copolymer selfassembly and phase inversion to manufacture isoporous membranes was proposed and demonstrated by Peinemann et al. [29] using polystyrene-b-poly (4-vinyl pyridine)
casting solutions in dimethylformamide (DMF) and tetrahydrofuran (THF). However this initially proposed copolymer/solvent system is sensitive to minor changes of molecular weight. Only with better understanding of the mechanism of pore formation based on micelle supramolecular assembly in solution [30] it was possible to find alternative ϱ solvent mixtures, leading to stricter and more reproducible morphology control. This could be achieved for instance with the addition of copper acetate [30, 31] , ternary solvent mixtures with dioxane [32, 33] and hydrogen bond forming molecules [34] . The disclosure of the mechanism facilitated the application of this method extended to other systems, containing for instance triblock copolymers [35, 36] . Ionic liquids have not been explored so far as additive for this application. We propose to use ionic liquids to guide the morphology in solution as a result of block-solvent thermodynamic interactions, coulombic and hydrogen-bond interactions mainly between ionic liquids and pyridine. By immersion in water, the solvent non-solvent (water) exchange should kinetically trap the order to manufacture asymmetric porous membranes.
EXPERIMENTAL SECTION Materials
Polystyrene-b-poly (4-vinylpyridine) block copolymer P10900-S4VP (PS-b-P4VP
188,000-b-64,000 g/mol) was purchased from Polymer Source, Inc., Canada. Dimethyl formamide (DMF) and Tetrahydofuran (THF) was supplied by Fisher Scientific. 
Membrane Preparation
All the membranes were prepared using 17.4 to 18.0 wt% block copolymer solutions in a mixture of IL/ DMF/ THF. Different types of ionic liquids were mixed to the solution and stirred at room temperature for 24 h. The block copolymer solutions were cast on a glass plate using a casting knife with 200 µm air gap. The solvent was allowed to evaporate for different times and the films were immersed in water at room temperature.
ATR-FTIR
Perkin-Elmer 100 ATR-FTIR spectrometer was used for recording the IR spectra of block copolymer membrane. Data were collected over 16 scans with a resolution of 4 cm -1
. The ATR-FTIR measurements were made at room temperature, using an ATR unit at a nominal incident angle of 45 o .
Transmission Electron Microscopy
The cross section of the membranes was imaged using TEM. All the membranes were embedded in a low-viscosity epoxy resin (Agar R1165) and cured at 60 o C for 24 h. 
Field Emission Scanning Electron Microscopy (FESEM)
Micrographs of membranes were obtained using a FEI Quanta 600 Field Emission Scanning Electron Microscope. Imaging was carried out at 5 kV with a working distance of 10 mm. The membrane samples were mounted on aluminum stubs using aluminum tape and Au coated before imaging for 45 s at 20mA.
Cryo-Field Emission Scanning Electron Microscopy:
The low temperature FESEM was performed using a FEI Nova Nano 630 SEM with a field emission electron source through the lens electron detector. A small amount of block copolymer /ILs solution mixture was placed between two rivets and was then cryo elsewhere [32, 38] . led to phase separation.
Rheology

Water Flux Measurement
Pure water fluxes of membranes were measured using a stirred Amicon dead-end ultrafilitration cell at 1 bar. The membranes for flux measurements were prepared on a nonwoven polyester support. Effective membrane area was 5 cm 2 . Deionized water was used for water flux measurements.
Results and Discussion
Membrane preparation observed. The combination of a more classical phase separation mechanism and copolymer self-assembly has been discussed in previous publications without the presence of ionic liquids [30] [31] [32] [33] [34] .
(Scheme 1)
The addition of ionic liquids affected the final membrane morphology, Being soluble in water, the IL is washed out. No IL residue was detected by FTIR spectroscopy after washing with water for 3-4 times repeatedly during 24 h and dried.
Membrane Morphology
We To get further insight into the effect of ILs on final membrane morphological details, we investigated the block copolymer /ILs solutions by cryo scanning electron microscopy. would not be consistent with the regular pores imaged in Figure 3b . We performed therefore the TEM tomography shown in Figure 7 . By tilting the membrane slice, we see that they are rather worm-like with an arrangement, which leads to the pore formation on the surface. This morphology can be also well correlated to the order observed in solution, imaged by cryo microscopy and shown in Figure 5 . The membrane has high water flux, as shown in Table 1 , again demonstrating high porosity.
RuO4 increases the contrast and it is known to stain both PS and P4VP [39, 40] . By taking into account that P4VP is the shorter block (PS 188,000 g/mol, P4VP 64,000 g/mol) the darker regions in Figure 6 should correspond to P4VP. . However the solubility parameter alone might be oversimplified, since it does not take into consideration strong directional interactions such as coulombic, hydrogen-bonding and ʌ-ʌ interactions, which are important for ionic liquids and can contribute to structure-forming solvation and self-assembly. Protic IL can even protonate pyridine. The anions can influence in different extents. BF4 anion is known to have strong hydrogen bond acceptor ability, low polarizability and has the highest symmetry of all IL anions investigated here.
Rheology of block copolymer solution ϭϱ
In order to better understand the effect of the IL on the final membrane morphology, the rheological behavior of IL/ block copolymer solutions was investigated. Pyridine is also a good hydrogen bond acceptor and strongly interacts with hydrogen bond-forming IL cations, particularly those with protic character. 
Conclusion
We demonstrate the use of ionic liquids for the self-assembly of block copolymers and 
